The mean and range of venous pressure values in the various body surface areas is presented. Attention is directed to the variability of these values, the constantly decreasing pressure gradient towards the heart, and the essentially equal pressures in corresponding veins on opposite sides of the body. The importance of accurately identifying the vein is emphasized. The relation of venous pressure to age, sex, race and other physiologic factors is commented upon.
T HIS study is concerned with measurement of the blood pressure in the superficial venous system of normal man at rest in the supine position. Physiologic variations in blood pressure in different parts of this system were recorded with the purpose of establishing values for reference.
Venous pressure was first measured in 1733, when the English clergyman Stephen Hales'3 fixed a glass tube to the left jugular vein of a thrown mare. It has been stated that Jacobson, in 1867, outlined the first series of measurements in a large number of veins,9 but it was not until 1902 MATERIALS AND METHODS Subjects. Subjects included 153 physicians, medical students, and ambulatory patients in the Charity Hospital of Louisiana at New Orleans. They were divided about equally between the Negro and white races and between the male and female sexes, and their ages ranged from 15 to 70 years. All subjects had normal cardiovascular and pulmonary systems, although some of the hospital patients had hernias, peptic ulcers, and small benign mammary tumors.
This investigation was carried out in the fall, winter and spring months at sea level. All studies were performed in a similar type room, in which the temperature remained about constant. With few exceptions the studies were performed in the afternoon, at least two hours after the noon day meal. All constricting clothing was removed. The patient was placed in the supine position on a hard flat examining table covered by a one-half inch pad and a one inch pillow. In general, the legs were placed together and the arms were abducted at an angle of 40 to 45 degrees but were supported on a table, and the shoulders were held in such a way that the head of the humerus was never below the suprasternal notch. The subjects were instructed to relax and breathe normally. When the pressure on the posterior surface was to be measured, the forearm was pronated, and for measurements on the anterior surface it was supinated. Slight external rotation of the arm was necessary for measurement of the pressure in the basilic vein. Measurement of the pressure in the short saphenous vein required internal rotation of the leg and slight elevation of the knee from the table. When the pressure in the jugular vein was measured, Circulation, Volume III, May, 1951 the head was turned to the opposite side. The patient was allowed to rest for about 15 minutes while preparations were made.
Apparatus and Technic. All measurements of venous pressure were recorded with the Phlebaumanometer. *, 4Its chief advantage in this study was that it permitted measurement of pressure in the small veins. The technic and use of this instrument has been described by Winsor and Burch.3 30 Each vein was carefully identified. The needle was always inserted in the direction of flow of the blood stream, and the adaptor was generally held so the meniscus was 2.5 cm. above the site of venipuncture. In the frontal vein of the face, however, it was necessary to have the meniscus 2.5 cm. below the horizontal level. In the jugular vein, dorsal venous arch, and marginal vein of the foot, the meniscus was about 3.5 cm. above the horizontal level.
Reference Level. The theoretic reference point is generally regarded as the right atrium, but clinically there is no constant topographic reference for this, since it varies somewhat with each individual. Although numerous levels have been proposed, the ones usually employed, for adults at least, are: (1) 10 cm. from the posterior surface of the thoraxO and (2) the phlebostatic axis,30 which in the supine position corresponds to the earliest proposed reference level. 28 The latter, which gives a reference point of one-half the anteroposterior diameter of the chest at the sternum, was chosen for this study. However, had the former been employed, the values would not have varied by more than 0.5 cm., since the mean thoracic diameter at the level of the sternum of all the patients studied was 21 cm. A spirit level and a ruler were employed to locate the phlebostatic level accurately.
Number of Veins and Measurements. Approximately 1400 measurements of venous pressure were recorded in 50 main channels and 60 small tributaries of the superficial venous system in 30 different locations on the surface of the body. Three to 15 determinations were made in each subject. and dorsal venous arch of the foot (188 mm. of water), the latter being higher, even in the supine position, than the mean venous pressure in the dorsal venous arch of the hand (139 mm. of water). In certain areas normal venous pressure was found to be either relatively high or lbw, being lower in a vein of the major venous pathway and relatively high in small tributaries of that vein.
RESULTS

Results
Range of Values. Impressive was the wide variation in the values of the recorded pressures in all veins studied. Those within any one range, however, were evenly dispersed.
Pressure Gradient. A general decrease in venous pressure from the periphery towards the heart has been observed in the main venous channels of the extremities, trunk, and head and neck. However, in five areas (long saphenous vein at middle third of leg and knee, superficial epigastric vein at pubis, and cephalic vein at middle third of arm and above axilla) the mean figures in this study show a nonsignificant rise instead of a fall in venous pressure. Persistently low values were also recorded in the small veins on the anterior aspect of the wrist. Attention should be directed to the precipitous drop in venous pressure observed between the veins of the foot and the leg and between those of the hand and the forearm and the steeper gradient of pressure in the upper extremity above the wrist than in the lower extremity above the ankle ( fig. 2 ). In the distal part of the limbs the pressure gradient of the long saphenous vein in the leg was greater than that in the veins of the forearm, whereas the pressure gradient of the long saphenous vein in the thigh was equivalent to that of the cephalic vein of the arm. Throughout the length of the upper extremity, the pressure in the basilic vein showed a sharp drop as the heart was approached.
Transient Elevation of Venous Pressure. Immediately after the small veins were punctured, a transient rise in venous pressure was noted; in all instances, however, it fell fairly precipitously rather than slowly, as had been previously observed. Race. These data, summarized in tables 2 and 3, suggest that venous pressure does not vary with age except after the fifth decade, when it tends to decline. Most observers have found no change in venous pressure with age in recumbent adults., 8 11 , 17, 19, 21 Hooker 16 on the other hand, observed a progressive increase with age. Holbrook14 noted the venous pressure to be lower after the age of 30 years, and Criep5 found an increase in venous pressure up to 35 lower values for women. No relation to race has been observed. 30 Relation to Miscellaneous Physiologic Factors. These observations agree with others that there is no consistent relationship between venous and arterial blood pressures" 6, 7, 12, 14, 18, 21, 24, 25, 29 or heart rate.5' 15, 17 However, individuals with relatively low systolic and/or diastolic pressures tended, as a group, to have venous pressures slightly higher than the mean. In Determinations of venous pressure in the many superficial veins of normal man may be of assistance in management of clinical problems involving edematous states and diseases of the vascular system. These data are especially valuable in understanding physiologic problems related to the venous system. It is, however, only with greater interest in the venous system, hemodynamic phenomena and, more especially, in venous pressure that the many remaining gaps in knowledge concerning the venous system in normal and abnormal states will be filled. Because of the wide variations in venous pressure it is necessary to apply the values recorded in table 1 and figure 1 with caution and adequate deliberation.
Finally, it should be mentioned that measurement of venous pressure by a direct method such as this is almost devoid of complications.
Occasionally a minute vein was lacerated with formation of a small hematoma, but no complicating phlebitis or thrombosis occurred. SUMMARY A somewhat comprehensive picture of the blood pressure in the superficial venous system of man at rest in the supine position is presented. The study has indicated the extreme variability of venous pressure over the body surface, the wide range of venous pressure in any one area (about 100 mm. of water), the constantly decreasing pressure gradient from the periphery to the heart, the essentially equal pressures in corresponding veins on opposite sides of the body, and the importance of identifying the vein accurately during interpretations of venous pressure values. No correlation of venous pressure with age or race was found, but it seemed to be slightly higher in women.
